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Q1:	
  ν	
  Mass	
  and	
  Flavor	
  Models

Question from NuFact ’14:  What are the new developments and predictions from flavor 
models on neutrino oscillation parameters? What precision do we need to achieve to probe 
them? Which parameters (or combinations of them) are more powerful to test them? 
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‣ Simple	
  "Tribimaximal"	
  (TBM)	
  mixing	
  and	
  “golden	
  ra7o”	
  models	
  are	
  ruled	
  out	
  by	
  non-­‐zero	
  θ13	
  

๏ Try	
  to	
  construct	
  models	
  from	
  TBM	
  +	
  higher	
  order	
  correc7ons	
  using	
  con7nuous	
  or	
  
discrete	
  family	
  symmetries	
  

๏ Leads	
  to	
  sum	
  rules	
  connec7ng	
  mixing	
  angles	
  and	
  CP	
  phase	
  

ν	
  Mass	
  and	
  Flavor	
  Models
‣Mu-­‐Chun	
  Chen	
  -­‐	
  Neutrino	
  Mass	
  and	
  Flavor	
  Models	
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‣ Allowing	
  3σ	
  ranges	
  on	
  mixing	
  angle	
  measurements	
  

ν	
  Mass	
  and	
  Flavor	
  Models
Ballet et al., arXiv:1410.7573v2

‣ Alan	
  Bross	
  -­‐	
  Panel	
  Discussion	
  

‣ More	
  precise	
  measurements	
  of	
  mixing	
  angles	
  and	
  precision	
  
measurement	
  of	
  δ	
  needed!	
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New	
  and	
  Current	
  Results
‣NOvA	
  -­‐	
  Mayly	
  Sanchez	
  

Numu	
  Disappearance	
  

‣ 201	
  νμ	
  CC	
  candidates	
  predicted,	
  33	
  observed	
  

๏ Star3ng	
  to	
  be	
  compe33ve	
  with	
  exis3ng	
  
measurements	
  with	
  just	
  8%	
  of	
  nominal	
  
exposure	
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New	
  and	
  Current	
  Results
‣NOvA	
  -­‐	
  Mayly	
  Sanchez	
   Nue	
  Appearance	
  

‣ 6	
  (LID)	
  and	
  11	
  (LEM)	
  νe	
  CC	
  candidates	
  found	
  	
  

๏ Consistent	
  with	
  reactor	
  measurements	
  of	
  θ13	
  
๏ Both	
  selectors	
  prefer	
  Normal	
  Hierarchy	
  
๏ Both	
  selectors	
  prefer	
  δCP	
  	
  near	
  3π/2	
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New	
  and	
  Current	
  Results
‣ T2K	
  -­‐	
  Kirsty	
  Duffy	
   Current	
  Results	
  

‣ Preference	
  for	
  normal	
  
hierarchy	
  	
  

‣ Preference	
  for	
  δCP	
  =	
  -­‐π/2	
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New	
  and	
  Current	
  Results
‣ T2K	
  -­‐	
  Kirsty	
  Duffy	
  

An3-­‐Nue	
  Appearance	
  
An3-­‐Numu	
  Disappearance	
  

‣ Current	
  data	
  set	
  does	
  not	
  provide	
  sufficient	
  
evidence	
  to	
  support	
  β=1	
  over	
  β-­‐0	
  

‣ Consistent	
  with	
  ΝΗ,	
  δ	
  =	
  -­‐π	
  /2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(with	
  large	
  sta7s7cal	
  uncertainty)	
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New	
  and	
  Current	
  Results
‣OPERA	
  -­‐	
  Chiara	
  Sirignano	
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New	
  and	
  Current	
  Results
‣OPERA	
  -­‐	
  Chiara	
  Sirignano	
  

ντ	
  5th	
  Event
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‣ MINOS+	
  has	
  accumulated	
  6.4E20	
  POT	
  NuMI	
  beam	
  
data.	
  Focusing	
  	
  on	
  exo7c	
  searches.	
  

‣ Combined	
  MINOS/MINOS+	
  fit	
  consistent	
  with	
  
reported	
  MINOS	
  results	
  

New	
  and	
  Current	
  Results
‣MINOS/MINOS+	
  -­‐	
  João	
  Coelho	
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New	
  and	
  Current	
  Results
‣ Super-­‐Kamiokande	
  -­‐	
  Jun	
  Kameda	
  

‣ Super-­‐K-­‐Gd	
  Project	
  approved!	
  

๏ High	
  efficiency	
  neutron	
  tagging	
  by	
  adding	
  0.2%	
  Gd2(SO4)3	
  
๏ Allows	
  neutrino/an7neutrino	
  discrimina7on	
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New	
  and	
  Current	
  Results
‣ IceCube/DeepCore	
  -­‐	
  JP	
  Athayde	
  Marcondes	
  de	
  André	
  

Nue	
  Appearance	
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‣ New	
  improved	
  H-­‐n	
  analysis	
  combined	
  with	
  2014	
  Gd-­‐n	
  
analysis	
  improves	
  sta7s7cal	
  significance	
  	
  

16

New	
  and	
  Current	
  Results
‣ Double	
  Chooz	
  -­‐	
  Guillaume	
  Pronost	
  

‣ Working	
  on	
  understanding	
  5	
  MeV	
  bump	
  

‣ 6	
  months	
  data	
  taking	
  with	
  ND,	
  Two-­‐detector	
  analysis	
  in	
  
progress	
  



Alex	
  Sousa,	
  University	
  of	
  Cincinna3NuFact	
  2015	
  -­‐	
  CBPF,	
  Rio	
  de	
  Janeiro 17

‣ Most	
  precise	
  measurement	
  of	
  θ13	
  and	
  Δm2
ee	
  

‣ 5	
  MeV	
  bump	
  also	
  seen	
  by	
  Daya	
  Bay	
  

New	
  and	
  Current	
  Results
‣ Daya	
  Bay	
  -­‐	
  Wei	
  Wang	
  

Prelim
inary
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‣ Analyzed	
  800	
  days	
  of	
  data	
  	
  

‣ New	
  rate-­‐only	
  measurement	
  of	
  θ13	
  	
  

New	
  and	
  Current	
  Results
‣ RENO	
  -­‐	
  Kyungkwang	
  Joo	
  

‣ Shape	
  analysis	
  coming	
  soon!	
  

‣ Clear	
  excess	
  at	
  E=5	
  MeV	
  

‣ Recent	
  ab	
  ini7o	
  calcula7on	
  
[D.	
  Dwyer	
  and	
  T.J.	
  Langford,	
  
PRL	
  114,	
  012502	
  (2015)]	
  :	
  

‣ Excess	
  may	
  be	
  explained	
  by	
  
addi7on	
  of	
  eight	
  isotopes,	
  
such	
  as	
  96Y	
  and	
  92Rb	
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‣ Sensi7vity	
  to	
  CP	
  viola7on	
  

๏ With	
  present	
  staging	
  plan	
  and	
  op7mized	
  design,	
  
can	
  reach	
  5σ	
  for	
  50%	
  CP	
  space	
  in	
  ~10	
  years	
  

๏ Δδ~10°	
  (15°)	
  for	
  δ=0°	
  (90°)	
  aver	
  10	
  years	
  

Future	
  Prospects
‣ DUNE	
  -­‐	
  Jim	
  Strait	
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‣ Sensi7vity	
  to	
  mass	
  hierarchy	
  and	
  octant	
  
of	
  θ23	
  

‣ <	
  1%	
  precision	
  on	
  atmospheric	
  
oscilla7on	
  parameters	
  	
  

Future	
  Prospects
‣ DUNE	
  -­‐	
  Jim	
  Strait	
  

850	
  kt.MW.Years	
  exposure
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Future	
  Prospects
‣ HyperK	
  -­‐	
  	
  Tom	
  Feusels	
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‣ Can	
  determine	
  octant	
  of	
  θ23	
  with	
  
constraint	
  from	
  reactor	
  

‣ Also	
  sensi7vity	
  to	
  octant	
  of	
  θ23	
  and	
  
mass	
  hierarchy	
  (atmospheric	
  sample)	
  

‣ <	
  1%	
  precision	
  on	
  atmospheric	
  
oscilla7on	
  parameters	
  	
  

Future	
  Prospects
‣ HyperK	
  -­‐	
  	
  Tom	
  Feusels	
  

10	
  Year	
  atmospheric	
  exposure
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‣ Placing	
  a	
  WC	
  detector	
  in	
  a	
  lake	
  20	
  mrad	
  
off	
  LBNF	
  beam	
  axis	
  provides	
  sensi7vity	
  
to	
  second	
  osc.	
  maximum	
  and	
  would	
  
improve	
  DUNE	
  CPV	
  sensi7vity.	
  

‣ Can	
  also	
  be	
  placed	
  at	
  mine	
  pit	
  7	
  mrad	
  
off	
  the	
  NuMI	
  beam	
  axis	
  	
  

‣ Ongoing	
  R&D	
  with	
  30	
  ton	
  prototype

Future	
  Prospects
‣ CHIPS	
  -­‐	
  	
  João	
  Coelho	
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‣ <1%	
  measurements	
  of	
  θ12,	
  Δm2
12	
  and	
  Δm2

ee	
  

Future	
  Prospects
‣ JUNO	
  -­‐	
  	
  Wei	
  Wang	
  

Mass	
  hierarchy	
  determina7on	
  

‣ Construc7on	
  
underway!	
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‣ Proposal	
  submi|ed	
  for	
  full	
  funding	
  	
  

Future	
  Prospects
‣ RENO-­‐50	
  -­‐	
  	
  Kyungkwang	
  Joo	
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Answer	
  to	
  Q1
Question from NuFact ’14:  What are the new developments and predictions from flavor 
models on neutrino oscillation parameters? What precision do we need to achieve to probe 
them? Which parameters (or combinations of them) are more powerful to test them? 

‣ Non-­‐zero	
  value	
  of	
  θ13	
  rules	
  out	
  models	
  like	
  
tribimaximal	
  mixing	
  and	
  golden	
  ra7o	
  models	
  

‣ Perturba7ve	
  correc7ons	
  to	
  TBM	
  result	
  in	
  sum	
  rules	
  
correla7ng	
  mixing	
  angles	
  and	
  CP	
  phase,	
  which	
  can	
  
be	
  tested	
  by	
  precision	
  measurements	
  of	
  θ12,	
  θ23,	
  δCP	
  

‣ Present	
  experimental	
  data	
  s7ll	
  allows	
  for	
  a	
  wide	
  
variety	
  of	
  models	
  	
  	
  

‣ <1%	
  precision	
  on	
  mixing	
  angles	
  achievable	
  in	
  next	
  
10-­‐15	
  years.	
  10°-­‐15°	
  precision	
  on	
  δCP	
  achievable	
  
aver	
  several	
  years	
  of	
  DUNE	
  and/or	
  HyperK	
  running.	
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Q2:	
  Atmospheric	
  and	
  LBL

Question from NUFACT ’14: Are atmospheric neutrino measurements competitive with 
next generation long-baseline facilities in the determination of the mass hierarchy? And the 
octant of θ23? How much complementarity is there between them? 
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‣ Can	
  reach	
  3σ	
  resolu7on	
  of	
  mass	
  hierarchy	
  aver	
  3	
  
years	
  of	
  running.	
  

‣ Mass	
  hierarchy	
  sensi7vity	
  strongly	
  dependent	
  on	
  
value	
  of	
  θ23	
  

‣ Expect	
  to	
  achieve	
  similar	
  θ23	
  and	
  Δm2
32	
  precision	
  as	
  

NOvA	
  and	
  T2K	
  

Atmospheric	
  ν	
  Future	
  Projects	
  
‣ PINGU	
  -­‐	
  	
  JP	
  Athayde	
  Marcondes	
  de	
  André	
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‣ Can	
  reach	
  3σ	
  resolu7on	
  of	
  mass	
  hierarchy	
  aver	
  
10	
  years	
  of	
  running.	
  Improved	
  to	
  6	
  years	
  if	
  
combined	
  with	
  NOvA	
  and	
  T2K	
  

‣ 2σ	
  sensi7vity	
  to	
  octant	
  of	
  θ23	
  aver	
  10	
  years	
  of	
  
running.	
  

Atmospheric	
  ν	
  Future	
  Projects
‣ INO	
  -­‐	
  	
  Sanjeev	
  Kumar	
  Veerma	
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ν	
  Osc.	
  Formulae
‣ Hisakazu	
  Minakata	
  -­‐	
  Compact	
  formulas	
  for	
  ν	
  oscilla3ons	
  in	
  maoer	
  

‣ Expansion	
  of	
  3-­‐flavor	
  formulae	
  in	
  

‣ 	
  Good	
  match	
  to	
  exact	
  formula7on	
  for	
  large	
  distances	
  relevant	
  to	
  atmospheric	
  neutrino	
  
propaga7on	
  

‣ Should	
  improve	
  computa7onal	
  7me	
  w.r.t	
  to	
  exact	
  formula7on	
  	
  

‣ Evalua7ng	
  validity	
  for	
  expansions	
  in	
  O(ε2)	
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Answer	
  to	
  Q2
Question from NUFACT ’14: Are atmospheric neutrino measurements competitive with 
next generation long-baseline facilities in the determination of the mass hierarchy? And the 
octant of θ23? How much complementarity is there between them? 

‣ Projects	
  like	
  PINGU	
  or	
  ORCA	
  may	
  poten7ally	
  reach	
  over	
  3σ	
  in	
  mass	
  hierarchy	
  determina7on	
  
before	
  turn-­‐on	
  of	
  next	
  genera7on	
  long-­‐baseline	
  facili7es	
  

‣ In	
  combina7on	
  with	
  INO,	
  and	
  atmospheric	
  data	
  from	
  HyperK	
  and	
  DUNE,	
  they	
  will	
  reinforce	
  
global	
  measurements	
  of	
  mass	
  hierarchy	
  

‣ Determina7on	
  of	
  octant	
  of	
  θ23	
  from	
  atmospheric	
  data	
  difficult	
  for	
  proposed	
  atmospheric	
  
detectors.	
  To	
  be	
  con7nued	
  at	
  future	
  NuFacts	
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Q3:	
  Systema3cs

Question from NUFACT ’14: What is the target for the systematic error budget of next 
generation facilities? What do we need to reach this level? How much improvement in 
constraining flux uncertainties can we expect from dedicated hadron production efforts? 
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‣ Showing	
  effect	
  of	
  cross-­‐sec7on	
  
systema7cs	
  (lev)	
  +	
  flux	
  uncertain7es	
  
(right)	
  on	
  CP	
  Viola7on	
  sensi7vity	
  for	
  	
  
FD-­‐only	
  fits	
  

‣ Smaller	
  effect	
  on	
  mass	
  hierarchy	
  

Systema3cs
‣ DUNE	
  -­‐	
  Dan	
  Cherdack
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‣ Showing	
  impact	
  of	
  cross	
  sec7ons	
  in	
  
measurement	
  of	
  CPV	
  

‣ Need	
  <1-­‐2%	
  systema7c	
  to	
  minimize	
  
impact.	
  	
  

‣ Achievable	
  by	
  nuSTORM.	
  With	
  
nuPRISM	
  concept,	
  3%	
  level	
  on	
  	
  	
  	
  	
  	
  	
  	
  
is	
  plausible	
  	
  

Systema3cs
‣ HyperK	
  -­‐	
  Mark	
  Hartz
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Systema3cs
‣ Alessandro	
  Bravar	
  -­‐	
  Prospects	
  for	
  reduc3on	
  of	
  beam	
  flux	
  uncertain3es
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Systema3cs
‣ Debbie	
  Harris	
  -­‐	
  Prospects	
  for	
  precision	
  cross	
  sec3on	
  measurements
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‣ ND	
  impact	
  on	
  T2K’s	
  analysis	
  

‣ Tuning	
  of	
  cross	
  sec7ons	
  	
  

‣ Large	
  reduc7on	
  in	
  flux	
  uncertain7es	
  	
  

Systema3cs
‣ND	
  Session	
  -­‐	
  T2K	
  -­‐	
  Kendall	
  Mahn	
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Systema3cs
‣ND	
  Session	
  -­‐	
  HyperK	
  -­‐	
  Akihiro	
  Minamino;	
  DUNE	
  -­‐	
  Kirk	
  McDonald	
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Systema3cs
‣ND	
  Session	
  -­‐	
  ANNIE	
  -­‐	
  Mayly	
  Sanchez;	
  CAPTAIN	
  and	
  LArIAT	
  -­‐	
  Jason	
  

‣ Taking	
  data	
  since	
  April	
  30,	
  2015	
  

‣ Need	
  <1-­‐2%	
  systema7c	
  to	
  minimize	
  
impact.	
  	
  

‣ Achievable	
  by	
  nuSTORM.	
  With	
  nuPRISM	
  
concept,	
  can	
  reach	
  3%	
  level	
  on	
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‣ Absolute	
  beam	
  flux	
  uncertain7es	
  can	
  be	
  reduced	
  from	
  10%	
  to	
  5%	
  in	
  next	
  5	
  years	
  

‣ <1%-­‐2%	
  precision	
  on	
  cross	
  sec7ons	
  required	
  for	
  ul7mate	
  sensi7vity	
  to	
  CPV	
  

‣ nuSTORM	
  would	
  be	
  ideal,	
  but	
  have	
  comprehensive	
  program	
  of	
  cross	
  sec7on	
  measurements	
  
in	
  H2O	
  and	
  Ar	
  throughout	
  the	
  World	
  over	
  the	
  next	
  decade	
  

‣ Mul7-­‐purpose	
  Near	
  Detectors	
  essen7al	
  in	
  reducing	
  flux	
  and	
  cross	
  sec7on	
  uncertain7es.	
  

‣ To	
  assess	
  cross	
  sec7on	
  systema7cs	
  in	
  more	
  focused	
  way,	
  Hugh	
  Gallagher	
  proposed	
  crea7on	
  
of	
  mock	
  data	
  challenge	
  samples	
  by	
  generator	
  groups	
  in	
  consulta7on	
  with	
  experiments	
  and	
  
theorists.	
  

Answer	
  to	
  Q3

Question from NUFACT ’14: What is the target for the systematic error budget of next 
generation facilities? What do we need to reach this level? How much improvement in 
constraining flux uncertainties can we expect from dedicated hadron production efforts? 



Alex	
  Sousa,	
  University	
  of	
  Cincinna3NuFact	
  2015	
  -­‐	
  CBPF,	
  Rio	
  de	
  Janeiro 41

Q4:	
  New	
  Physics	
  and	
  ν	
  CPV

Question from NUFACT ’14:  Do the current bounds on new physics in the neutrino 
sector (NSI, non-unitarity, steriles…) allow for effects large enough to interfere with CPV 
searches? Which experimental setups can improve these bounds? 
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New	
  Physics	
  and	
  ν	
  CPV

Effect&of NSIs&on&
measurements:&
JUNO

Matter NSI)
bounds:)
DUNE

Parameter ESSνSB limits Existing0limits

εsµe 0.014 0.026

εdµe 0.014 0.025

Source/detector*
NSI*bounds:*ESSνSB

‣ Sushant	
  Raut	
  -­‐	
  Effect	
  of	
  NSIs	
  on	
  CPV	
  measurements
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New	
  Physics	
  and	
  ν	
  CPV
‣ Suprabh	
  Prakash	
  -­‐	
  Effect	
  of	
  sterile	
  neutrinos	
  on	
  CPV	
  measurements
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Q4:	
  New	
  Physics	
  and	
  ν	
  CPV
‣ Suprabh	
  Prakash	
  -­‐	
  Effect	
  of	
  sterile	
  neutrinos	
  on	
  CPV	
  measurements
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Αnswer	
  to	
  Q4
Question from NUFACT ’14:  Do the current bounds on new physics in the neutrino 
sector (NSI, non-unitarity, steriles…) allow for effects large enough to interfere with CPV 
searches? Which experimental setups can improve these bounds? 

‣ Answer	
  is	
  yes	
  

‣ However,	
  more	
  work	
  is	
  required	
  to	
  understand	
  how	
  other	
  parameter	
  measurements	
  may	
  
be	
  affected,	
  and	
  how	
  effects	
  will	
  change	
  with	
  more	
  sterile	
  neutrinos	
  and	
  ac7ve-­‐sterile	
  
mixing	
  driven	
  by	
  different	
  mass	
  scales	
  

‣ We	
  did	
  not	
  discuss	
  specific	
  experimental	
  setups	
  that	
  could	
  poten7ally	
  disentangle	
  these	
  
effects,	
  but	
  should	
  be	
  kept	
  in	
  mind	
  for	
  future	
  NuFacts.	
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Q5:	
  Sterile	
  Neutrinos

Question from NUFACT ’14: What is the best strategy to fully probe the LSND anomaly? 
And the reactor/gallium anomaly? 



Alex	
  Sousa,	
  University	
  of	
  Cincinna3NuFact	
  2015	
  -­‐	
  CBPF,	
  Rio	
  de	
  Janeiro 47

Sterile	
  Neutrinos
‣MINOS/MINOS+	
  -­‐	
  João	
  Coelho

Numu	
  Disappearance	
   Nue	
  Appearance	
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Sterile	
  Neutrinos
‣ SuperK	
  -­‐	
  Jun	
  Kameda
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Sterile	
  Neutrinos
‣OPERA	
  -­‐	
  Chiara	
  Sirignano

‣ Showing	
  analysis	
  updated	
  to	
  include	
  5	
  ντ	
  events	
  

‣ 4	
  event	
  results	
  published	
  in	
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Sterile	
  Neutrinos
‣ Daya	
  Bay	
  -­‐	
  Wei	
  Wang

‣ Daya	
  Bay	
  agrees	
  with	
  reactor	
  flux	
  average	
  from	
  
previous	
  experiments	
  

‣ Have	
  produced	
  unfolded	
  flux	
  spectrum	
  to	
  be	
  
used	
  for	
  flux	
  and	
  spectrum	
  predic7ons	
  

Prelim
inary
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Sterile	
  Neutrinos	
  -­‐	
  Future
‣ Short-­‐Baseline	
  Program	
  @	
  Fermilab	
  -­‐	
  Kazuhiro	
  Terao

‣ MicroBooNE	
  taking	
  cosmic	
  data!	
  

‣ ICARUS	
  undergoing	
  refurbishment	
  at	
  
CERN.	
  Deployment	
  at	
  Fermilab	
  in	
  2017	
  

‣ Ongoing	
  R&D	
  program	
  for	
  SBND	
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‣ Decay-­‐at-­‐rest	
  Experiments	
  -­‐	
  Eito	
  Iwai

‣ 24	
  m	
  baseline	
  

‣ 2x50t	
  LS	
  detectors	
  in	
  phase	
  1	
  for	
  $4M	
  	
  

‣ Phase	
  2	
  would	
  use	
  1	
  kt	
  detector	
  

‣ 60	
  m	
  baseline	
  

‣ 450t	
  fiducial	
  LS	
  detector	
  for	
  $22M	
  	
  

‣ 3	
  years	
  from	
  ground	
  breaking	
  to	
  opera7ons	
  

Sterile	
  Neutrinos	
  -­‐	
  Future
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‣ Source	
  Experiments	
  -­‐	
  Chiara	
  Ghiano;	
  SBL	
  Reactors	
  -­‐	
  David	
  Mar3nez
SOX-­‐CE	
  

‣ 3.7	
  Pbq	
  144Ce	
  measured	
  at	
  Borexino	
  

‣ Can	
  exclude	
  most	
  of	
  reactor/gallium	
  anomalies	
  
at	
  95%	
  CL	
  from	
  rate+oscillometry	
  measurements	
  

‣ Data	
  taking	
  star7ng	
  in	
  2016,	
  results	
  in	
  2017	
  

PROSPECT	
  

‣ Place	
  2.5	
  ton	
  LS	
  detector	
  at	
  Oak	
  Ridge	
  
Research	
  reactor	
  

‣ Measure	
  L-­‐dependence	
  of	
  osc.	
  prob.	
  

‣ Ongoing	
  R&D,	
  seeking	
  funding	
  for	
  Phase	
  1	
  

Sterile	
  Neutrinos	
  -­‐	
  Future
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‣ Muon	
  decay-­‐at-­‐rest	
  experiments	
  provide	
  the	
  most	
  direct	
  test	
  of	
  the	
  LSND	
  anomaly,	
  but	
  pion	
  
decay-­‐in-­‐flight	
  SBN	
  program	
  at	
  	
  Fermilab	
  has	
  best	
  near-­‐term	
  sensi7vity	
  to	
  probe	
  LSND	
  region	
  

‣ Long-­‐baseline	
  experiments	
  provide	
  complementary	
  probes	
  of	
  disappearance	
  and	
  appearance	
  
due	
  to	
  sterile	
  neutrino	
  mixing	
  

‣ Source	
  experiments	
  and	
  SBL	
  reactor	
  experiments	
  will	
  both	
  provide	
  powerful	
  tests	
  of	
  the	
  reactor	
  
and	
  gallium	
  anomalies.	
  	
  

Answer	
  to	
  Q5
Question from NUFACT ’14: What is the best strategy to fully probe the LSND anomaly? 
And the reactor/gallium anomaly? 

CSS 2013 (Snowmass) Neutrino Report, arXiv:1310.4340 (2013)
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Q6:	
  Majorana	
  mass	
  scale

Question from NUFACT ’14: What can we say about the new Majorana mass scale 
implied by neutrino masses? What are the current bounds and how much will they improve 
over the next decade? 
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Q6:	
  Majorana	
  mass	
  scale
‣ Yury	
  Kolomensky	
  -­‐	
  Review	
  of	
  neutrinoless	
  double	
  beta	
  decay
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Majorana	
  mass	
  scale
‣ THEIA	
  -­‐	
  Gabriel	
  Orebi	
  Gann

60	
  m

60	
  m

‣ Ongoing	
  R&D	
  for	
  modeling	
  of	
  light	
  produc7on	
  in	
  
WbLS,	
  isotope	
  loading,	
  photon	
  detectors	
  
(LAPPD),	
  etc.	
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Q7:	
  Non-­‐Oscilla3on	
  Constraints
Question from NUFACT ’14:  How can we explore synergies between neutrino 
oscillations and other experiments (absolute mass searches, cosmological constraints, CLFV) 
to constrain new physics?

‣ Heavy	
  Neutrinos	
  -­‐	
  Nicola	
  Serra	
  (ShiP	
  Experiment@CERN)
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New	
  Ques3ons	
  For	
  Next	
  NuFact	
  

Ques%on:	
  Are	
  atmospheric	
  neutrino	
  and	
  medium-­‐baseline	
  reactor	
  measurements	
  
compeIIve	
  with	
  next	
  generaIon	
  long-­‐baseline	
  faciliIes	
  in	
  the	
  determinaIon	
  of	
  
the	
  mass	
  hierarchy?	
  And	
  the	
  octant	
  of	
  θ23?	
  How	
  much	
  complementarity	
  is	
  there	
  
between	
  them?	
  

Ques%on:	
  	
  What	
  is	
  the	
  best	
  staIsIcal	
  metric	
  to	
  report	
  sensiIvity	
  of	
  experiments	
  
to	
  mass	
  hierarchy	
  and	
  CP	
  violaIon?

Question: What are the new developments and predictions from flavor models on 
neutrino oscillation parameters? What precision do we need to achieve to probe them? 
Which parameters (or combinations of them) are more powerful to test them? 

Ques%on:	
  How	
  important	
  is	
  it	
  to	
  account	
  for	
  correlaIons	
  between	
  systemaIc	
  
uncertainIes	
  in	
  different	
  experiments	
  when	
  producing	
  global	
  fits?	
  How	
  do	
  we	
  
increase	
  involvement	
  of	
  experiments	
  in	
  producIon	
  of	
  joint	
  results?
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Ques%on:	
  What	
  do	
  we	
  need	
  to	
  do	
  to	
  reach	
  the	
  required	
  systemaIc	
  error	
  budget	
  
level?	
  How	
  much	
  improvement	
  in	
  constraining	
  flux	
  and	
  cross	
  secIon	
  uncertainIes	
  
can	
  we	
  expect	
  from	
  dedicated	
  hadron	
  producIon,	
  cross-­‐secIon	
  measurements,	
  
and	
  near	
  detector	
  efforts?	
  	
  How	
  can	
  we	
  improve	
  knowledge	
  of	
  nue	
  cross	
  secIons	
  
and	
  improve	
  energy	
  reconstrucIon?

Ques%on:	
  	
  Do	
  the	
  current	
  bounds	
  on	
  new	
  physics	
  in	
  the	
  neutrino	
  sector	
  (NSI,	
  non-­‐
unitarity,	
  steriles…)	
  allow	
  for	
  effects	
  large	
  enough	
  to	
  interfere	
  with	
  CPV	
  searches?	
  
And	
  with	
  other	
  parameters	
  like	
  mass	
  hierarchy	
  ?	
  Which	
  experimental	
  setups	
  can	
  
improve	
  these	
  bounds?	
  

Ques%on:	
  Is	
  the	
  current	
  landscape	
  of	
  proposed	
  experiments	
  able	
  to	
  conclusively	
  
probe	
  the	
  LSND	
  anomaly?	
  And	
  the	
  reactor/gallium	
  anomaly?	
  

New	
  Ques3ons	
  For	
  Next	
  NuFact	
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Ques%on:	
  What	
  can	
  we	
  say	
  about	
  the	
  Majorana	
  mass	
  scale	
  implied	
  by	
  neutrino	
  
masses?	
  How	
  much	
  will	
  the	
  current	
  bounds	
  improve	
  over	
  the	
  next	
  decade?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
If	
  normal	
  hierarchy	
  is	
  confirmed,	
  what	
  new	
  strategies	
  are	
  available	
  to	
  probe	
  the	
  
Majorana/Dirac	
  nature	
  of	
  the	
  neutrino.

Ques%on:	
  	
  How	
  can	
  we	
  explore	
  synergies	
  between	
  neutrino	
  oscillaIons	
  and	
  other	
  
experiments	
  (absolute	
  mass	
  searches,	
  cosmological	
  constraints,	
  CLFV)	
  to	
  
constrain	
  new	
  physics?

New	
  Ques3ons	
  For	
  Next	
  NuFact	
  

Ques%on:	
  	
  What	
  could	
  an	
  R&D	
  program	
  leading	
  to	
  a	
  neutrino	
  factory	
  look	
  like	
  in	
  
the	
  present	
  landscape	
  of	
  LBL	
  experiments?	
  What	
  physics	
  could	
  we	
  probe	
  with	
  it	
  
and	
  how	
  complementary	
  would	
  it	
  be	
  to	
  the	
  ongoing	
  LBL	
  efforts?
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Many	
  Thanks	
  to	
  all	
  WG1	
  Speakers	
  
and	
  a	
  very	
  lively	
  Audience!	
  


